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The pressures that lines by the sudden 


closing of valves or the sudden ‘Starting of pumps have long occupied 


attention of hydraulic engineers, and some attempts have been 

made, both experimentally and analyti tically, toward a better mele 


Edmund B. Weston, M. Am. Soe. to this Society, 


in an of some experiments made ‘upon water ] pipes 


The pipes 


short and of small diameter. The p pressures were by 


style which drew a straight mark upon stationary paper, and the dia- 
- gram took no account of the oscillations \ which succeeded. the main 


shock incident to ‘the stoppage of the current. The valve which 


the , stoppage occupied an appreciable time in closing. 


‘results, though praiseworthy as an attempt at the. elucidation of an 
impo rtant subject, are of limited practice value. 
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FRIZELL ON PRESSURE AND IN 


le somewhat higher degree o of f value. can be accorded the work of Pr 


fessor R. Carpenter, of Sibley College, * In case the style 
=e recorded the pressures on paper moving ‘isochronousl; 


to what follow: s, much too short to fully the inciden 


an to > closing the valve, especially w when the ® closing is far from b being in- a eile 
? 


stantaneous. Professor Carpenter er adds some theoretical 


os * which displays a comprehension of the elements « of the questio a 
_ Professor I. P. Church has | published a weit aiming t o treat the 


whole question in a rigorously exact manner, determining the pressure 
1 


and velo velocity | the pipe for different: positions of the valve 
‘ty closing. he results are complex and intricate. ‘The writer makes 


this has been brought into renewed prominence 


from its connection with the regulation < of water- wheels drawi ing ‘through = 
— long penstocks, a and from the further fact that the requirements « of ie 
electric call for greatly increased in the 
7 =a tion of wheels. y Feeling that anything | tending tos a better r understand- 
author i is 0 offer the following v views: 


T= thickness of pipe metal, in 


q 


‘ 
3 
— 
— 
@ 
tong pipe With Water (Fig. Ij. Imagme at Aba 
pipe, in pounds per 
+ See the Journal of the Franklin Institute, April and May, 1890. ; a 


ON PRESSURE AND 
Let ¢ = time by the piston in moving the | distance /, 


5 = r= force ex exerted upon the water by the pi . : 


When he has ed distance, although it has only mo moved 


an 


‘appear on if the compression and be 


released without any further obstruction to movement, mass of 
‘Sel 


wa ater would have the motion m stated. 


increase in the of the pipe from the } pressure is 


4r. 
crease in 1 cross-section = 2 r av 

Increase of volume = Lf 
Traverse of piston due to stonsion of pipe = = 


of piston due to sion =—- 
Total travel 
Lf (2 ay 


< 


feet in the time 4. Therefore there : results the proporti 

L 


Gravity acting freely would impart to this mass a velocity of 


3 the velocity of the pulsation i in the pipe is M2 


one If the distension of t the pipe is is neglested, by eae an infi 


b t in the f er ys 
ay be put 


¢¢ = 
compressing the water and distending the pipe equivalent to moving q 
im 
3 
— 
i e total weight of water set in motion is z L w. 4 
— 
: 


fe 
FRIZELL ON PRESSURE AND VELOCITY IN PIPES. 


to M eqt nal to infinity. On this sssomption th the 


‘J 


n 


‘being substantially the velocity of sound in water, which is usually 


taken at about 4 700 ft. pe second. 


Instead of of a piston suddenly forward, 


_ and is found thus: Let X be the atthe of the pipe, and for sim 


_ plicity suppose X to exceed — or the value | iL 


second after r closing the the length L 
length — , and the diminuti ion o of volume by com 


Taking » = 4 ft., the other symbols as before, Le ‘ 272 

F272 5 x 294 000 + 7500 000 ” 

280 Ibs. per square inch. 


i“ It will appear from (6) that fis Pear ee independent of the 
length of the column of water in motion, a e, the length of of i the pipe. “ 


2 his, how ev er, inv olves the woummpton that the si stoppage is is absolutely 


instantaneous. Under practical conditions, in which the 


af ordinarily avoided. “if Assuming such a valve to be used, upon closure 
the full pressure is instantly dev eloped spon the ‘valve. The 


inw p which the w water i is ¢ coming | to rest ‘move yes up p stream with the velocity 


ir or to the larger | pipe from | which it branches. 


| 
— 
= 
re 
a | |, 
—  — arrested by the closing of a gate. Then the force fis the force acting ; 
— 
a 
ii 
— FA. 
— 4 
— 
“a 
— 
— i indicated Dy equation (9). Lhe amplitude of this Movement 18 
limited by the length of the pipe, above the valve, either to 


L 


tents in coming to rest is . The water has continued to flow 
into the he pipe ° with the undiminished velocity v for ¢ seconds after the 

' do The compression of the water in the pipe is represented by | 

and force exerted on the my per 


The | pressure on the is not when the entire 


contents have come to rest The water, now, , through the entire 

length. X isin a state of compression far above the 1e normal, and a release 

2 on reversed motion takes place. ‘This commences at the origin of 

they pipe and n moves toward the valve with the velocity of equation 6). 
The time therefore between the the stoppage and the release of press 


es will be 2¢. si If the normal static pressure i in the pipe mfe or more, then a 


sportier as it rose above the same at the closure, except in so far as the i 


movement i is affected by fluid friction, and . series of pelustions © with th the 


— interv val 2¢ will run through the pipe till the 1e movement dies out. 


ger diameter, then, when — 


of closure ‘reaches the larger pipe, it will continue 


portional to the velocity. - A pulsation of release will return through 


h smaller pipe, partially : releasing the penteen on the valve. “The 


3 pt of closure will reach the head of the larger. pipe, and a a pul 
F- sation —- release will return through both pipes, etc. A complex a 


_system of pulsations will ensue, mapas on the relative lengths of 


arrest of 
‘ples an appreciable time. The may supposed to 
by a great number of small steps, each of which may be Phe oa 


instantaneous. Each step occasions a certain diminution of 


and is accompanied by ‘increment of pressure, ‘Each increment 


aa ‘runs to the head of the pipe, is discharged and returns in the same 


- manner and with the same velocity as before. No marked increase of 


‘Pressure takes place at head hed the pipe closing. ery 


“the pulsation has run to the head of the pipe and back to the valve. 


made ‘by Mr. Weston at Prov idence, and by Professor at 


— the same with diminished intensity, the pressure ‘being: ai 


2 . It i is now possible t to perceive clearly ti the defects of the experiments — : 


the aseubeiits at the valve will fall as much below the normal at the _— 


Gn ON PRESSURE AND VELOCITY IN PIPES. 
a 

“| — 
J 
— 

— 

a 
a 

— 
=| 
ia 

= 


-FRIZELL on ‘PRESSURE AND VELOCITY IN “PIPES. 


s Cornell. / In the former the valve > was thought to occupy 0. 15 second — 


in closing, an interval I sufficient for wad pulsation to run a 600 or 700 ft. 


The p pulsation lasted as long as as the « closing, and its com 


extended far beyond the limits of the pipe before the was fully 
closed. OF course, e, the. "pressure due to the closure was 


developed. To obtain t ure the pipe should be so long that 


the valve i is. fully closed the commencement of the pulsation 4 


‘reaches the head of the | pipe and returns. The inquiry was further 
of different dian diameters running 


s. up to 6 , the e longest being 1 ft. Raat Pega: 


In ‘Carpenter's experiments, first series, was a 2-in. 
pipe a 30 ft. long containing the valve, then 33 ft. of 2}-in. pipe, then 
150 ft. of in., then 375 ft. 6- -in. In the the s second there was a 
-in. pipe 53; ft. long leading from a tank. The» valve was thought 
_ to occupy 0 0.023 second in closing, an interval long: enough to allow 


the pulsation to run 100 ft. In none ” these experiments could | the ful 1 


: the 


_ ~pressure e due to ) closing have been devi eloped. In some of the. experi- 
= an air chamber was added | to the complications incident to differ- 7 


pipes 


‘= the e phenomenon under investigation should be produced a as free as pos- 


ent sizes and inadequate lengths of pipes. In all experimental i inquiries, 


of motion. The “closeness with with 


"which the roper modifications, represents the velocity 
‘alk may be accepted as a cents that it is well grounded. 7 
pas by taking the velocity of the ulsation, in all 1 cases, equal to that 
gt puis eq 
of sound, the resulting error would be less then one-tenth in 5-ft. 


steel pipe, ‘and in cast-iron pipes of ordinary size the error would 


this case (total instantaneous arrest of motion) is 


by these considerations: The flow into the pipe ‘continues with 


puls ty ity the water - 
f 


oe the normal, in the pipe e at t that instant, and its consequent condi- 
a tion of pressure. For any given pipe no orror is made in taking the pres-— 


ee sure consequent on the arrest of motion ponpentionsl to the velocity. 
_ Save as to o very small small pipes of short length, the case of sudden wat i 


; total event of motion on is not within the e range of consideration. 
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FRIZELL ON PRESSURE AND VELOCITY all PIPES. 


Even i in this 
wa the preceding results ca can give all all the e aid a required f for practical 
"purposes. The general method i this : the interval t 


ra pulsation to traverse 


, the pipe. “Then, the diminution of ve 
effected during twice this interval “may be regarded as a velocity in- — 
_stantaneously arrested, and the pressure deduced from this eupposition 
_ will be the pressure resulting from the diminution of velocity. see ea 
- common question is: ‘What is the maximum pressure that 
could result from. closing a pipe, ina time, at a uniform rate ? 


The velocity w will ‘diminish “more 1 rapidly : as the ‘movement ] TO 


pose 


Qt to expire re at the close of the movement. _ Find the position of the 4 re 
— gate and consequent velocity at t the beginning of that interval. F Find» 


the pressure J P that would ‘result from the instantaneous 
velocity. pressure very. near P must havé existed at the com- 


-mmencement of the interval 2 Correct the velocity accordingly, and 


ete. By such methods results correct for j 


7 the diminution being most rapid m near | the close. _ Suppose the interval 


most important bearing as “already indi- 
cated, i sin the regulation of water- wheels ‘supplied by long epee. : 


As oni nstance of the difficulties liable to occur 


The length of is § 
more than 7 seconds for a pulsation ¢ to o traverse, pm implying a gure 
interval of more than 14 The is for: a maxi 


is said to be 500 ft. head, or about 217 Ibs. square inch. 
= In this condition suppose a sudden falling off of one- fifth in ae 


} demand for r power. By suddenly diminishing the. draft o of “water, ar and 


: consequently th the velocity in the pipe, by one one-~ -fifth, the pressure in the a 

pipe is increased by 100 Ibs., q , nearly 50%, and to for a few “seconds the 
power wo ould be rather than diminished by closing the gates. 


5, 


Consider again t the return pulsations, lowering the pressure | 


below then normal, and some ides i is obtained the difficulties st attend. 


j 
J a 

| 
volve, according to what precedes, a above the ovel 
4 im 


” 

DISCUSS 


ineeaaens HERING, M. Am. Soc. C. E.—The assumption upon which © 
"ibe argument of this paper is a is found in the following para- af 
graph: “the diminution of f velocity effected during twi ice ” the “a 


“a velocity instantaneously arrested, and the pressure deduced from Y 
this enppesition © will be the pressure resulting from the diminution of — 
It would be well if the author had stated his reasons for this 
: assumption more fully. He leaves the reader in some doubt, and yet 
this assumption is really the foundation of the paper, 
It would also be of interest, if, in addition to a reference to the 
plant of the Pioneer E Electric Power Company, of Ogden, Utah, ‘acom- 43 
parison of the results of the author's formula had been made with the 
_ experiments of Mr. Weston and Professor Carpenter which he criti- e 
_ eises In view of the fact that opportunities for properly conducting _ 
such experiments are rare, the making of even imperfect sets of ex- 
periments s should rather be encouraged. _ Imperfect or incomplete con- a 
ditions are sometimes the only ones available, and ‘must be taken in 
_ order to secure any results whatever. A number of such incomplete — ¥ 
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A 
2 
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= 
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= 
a 
oe 


is an attempt to express in mathematical language ‘the i in- 
crease in pressure resulting from the sudden stoppage of water flowing | 


in a pipe. The fact of such increase, is, of course, well establishec 
ae _ though few exact measurements of its magnitude have, as yet, bee cama a 
made. The theoretical values obtained by the author’s for mulas are 
: a _ higher than those which have generally been used in designing. For 4 ; 
7 i. this reason it is all the more desirable that their correctness should be 
practically tested by an extended series of experiments on hydraulic 


_ In the meantime, it is clearly necessary to prov ide for considerable _ 
sudden fluctuations in hydraulic pressure, in designing high pressure 


- conduits. It must be remembered, however, that such fluc tuations — 
ae nt can be reduced to a minimum by the use of proper valves and connec- 
a! : o tions, and more e especially by the ‘insertion of a sufficient number of | 


¢ 


be large relief pipes or openings in the main conduit. Ih designing — 
mS the plant of the Pioneer Electric Power Company, to which oli 
author refers, especial attention was given to methods of 
excessive differences of pressure. . The plans of the Chief Engineer, 
a: -C. K. Bannister, M. Am. Soc. C. E., provided for two large relief pipes Li 
or shafts near the lower end of the conduit, which allow the water to 
_ rise and overflow in case the flow i is 1 suddenly shut off below. © wa In af 
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as he substitutes in his equation the total length of the conduit tenn = 
cs oe the nozzles in the power house to the reservoir, a distance of 31 000_ 
ft., but does not in any way take these large relief openings 
account. ‘They would certainly modify the results obtained very con- 
siderably, as they were carefully placed in such a way as to allow _ 
_ sations to travel through them almost as freely as through the main a 
conduit. For this reason the 49-in. 1. wooden relief pipe which leaves 
“the 6-ft. steel pipe at its first elbow was with some difficulty so con- are 
_ structed as to make an angle of only 30° with the main conduit. _ ilies 
oa Notwithstanding these outlets, there will undoubtedly be a decided 
momentary rise in pressure, with sudden changes: in loading. far 
e - the s strength of the lower end of the conduit and its connections are 
concerned, it is believed that ample safety was secured by increasing 
 S static pressure by 50% in proportioning all details. Even under — 
this pressure t the strains in the steel probably nowhere exceed 14 000 — 
to 15 000 Ibs. per square inch,—very low stress for the excellent ma-_ 


- To obtain a uniform velocity of motion in the machinery, under ee 
z ames fluctuations in pressure, dependence is placed on heavy fly | 
x wheels and a very efficient combined mechanical and electric gover ernor. re : 
Tt is hoped that this g governor, which i is exceedingly 1 rapid i in its = 


if 


to give a high ee of ‘steadiness to the motion of the machinery. | - 
Its previous use in the case of ele electric this 


CE. 

to see up hopes that it will receive ‘the 
attention it deserves ou will lead to a thorough practical investiga- 


is to be regretted the author could not have supplemented 


b his analysis with an account of some tests to show that the formulas = : 


be used with safety. Such an investigation following his analy- 

a See would be very valuable, and it is to be hoped that some engineer © 

_ who has the opportunity will find out what actually occurs in a long 
pipe line of uniform diameter when the water is suddenly shut off. ¥ 
_ There w ould seem to be no o special difficulty in obtaining: such a record. | 
The writer has found some difficulty in follow ing the author's 


ON PRESSURE AND VELOCITY : 

his to this case the anthor annears to he in error 
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YI IN PIPES. 


Mr. Noble. To bring these differences out more clearly, the “following is 


Ss She ‘The length of pipe L is taken as indefinite, and afterwards (in de 


Ls _ termining, f) it is taken to be the length the pulsation will ‘are in 


one second. It seems to the writer that for a proper analysis L should - - 


__-be taken as the total length of the pipe from the point of entrance to the | 
_ point of closing. The pressure would not be the same at all points, — 
_ but would be 0 at the entrance, and greatest at the point of closing. 
The compression of the water and expansion of the pipe, being pro- — 
35 _ portional to /, would also be 0 at the entrance and greatest at the 
—— of closing. This does not seem to have been taken into account 


by the author in his analysis. His formulas (1) and (2) for displacement — . 


 - compression and expansion are multiplied by /, the greatest press- — 
_ ure at the point of closing, whereas the amount of expansion and 


compression is determined by the average pressure, which, in a pipe a 


uniform diameter and cross-section, would be} 


_ The > writer bases his solution on the > assumption that the energy 4 
stored u up in the water is ; equal to o the energy expended in the com- 


pression of the water and the expansion of the pipe, which would be a 


___ theoretically correct if both materials were perfectly elastic. The re-— 
sulting formula for the pe 8 of pulsation would be the same as the 


9 = acceleration due to gravity = 
modulus of elasticity of steel = 000000 
R= = radius of the pipe in feet. 


T= thickness of the metal in the pipe, in inches. a wee 
= total length of pipe in 


after the gate i is closed. 
= mass of the : mov ing water. 
= the i increase of pressure at the of closing, i in Ibs. 
= velocity of water inthe pipe just before closing, 
‘ = the displacement along the axis of f the | pipe, | due to expansion of 


= l' +1" = total displacement of water in the pipe, measured along 


e= elongation of the of the wets 


weight of 1 cu. ft. of water at 622 Fahr. 366 ‘ 


same due to compression of the water. 4 
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O PRESSURE AND VELOCITY IN 
= = total energy in the water at the time of closing the valve, in foot- ™ ™ Noble, hi “g 


= Strain on the metal, — lbs. per — inch. 


E aleo = = energy used in expanding and 


water times the total displacement. 


oe Average ) pressure on the area of t 
>) 
ale 
= m' v?, in v = — = velocity of {displacement 


= 


= increase i sais diameter. 
Bs is so small 1 that it may be neglected. 
“then be i in volume of the = 
7 


= 
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4 
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CORRESPONDENCE ON PRESSURE AND VELOCITY IN PIPES. 


in q 

3 Which is the same as the author’s s formula with the exception 
2, due to ‘in assuming the average pr 

= 6 O44 ft. , which which divided by 


Sabatitating (6 (6) for /: 144 L= £ _ Wie WL 
2 \Qm MT 


Gta) 


f = 825.4, which — Vi= = = 900. 


By the author’s f= 230. 
a 72-in. pipe, 3% in. thie k, 9 ft. per sec second. 

the author’s formalin = = 560. 


‘With a 22-in. pipe, in. thick, o= ‘a 4 ft. per second. 
f= 844, which = 243. 
By: the author’s formula f = 256. 
—. The last calculation refers to the conditions prev ‘ailing in the a 


Fresno power plant in which so much trouble was experienced with the " 


, r.. It would seem to the writer that this defect i in the efficiency of the a 


‘ 


> 


— 
=| 
‘From equations 4 and 6: 
7 
de 
7 
“ 
i 
=x 
| 
— uN pressure is relieved, could be wholly remedied by designing the valve a 


4 with a slow closing attachment, by which the length of time consumed Mr. Noble. _ 
ae in closing could be regulated to suit the time segenes to relieve the eae 
energy stored in the water when the valve is open. The 1 surplus | en- a 
ergy in the water would then be consumed in friction in passing 


through the valve instead of compressing the woler and expanding a: 


pipe, and thus prevent the continued pulsations, : 
e _ The writer has designed such a valve, which he expects to try in a 
plant similar to the Pioneer Power Plant to determine its efficiency. 
- Something of the kind is very much needed to protect long } pipe lines, 

_ particularly in power plants connected with long pipes under pressure, — 

where the flow in the pipe is constantly changing and always liable to — 


CHARLES W. SHERMAN, Am. Soe. C. E.- author’s formula Mr. Sherman 
@) is evidently derived as follows: 

Stress (hoop tension) in ; per unit of area, Increase 


CoV 
- in cireumference then UT a in one unit, and total increase in cir- mean 


Then’ r= this is true only for a 

of units; i. e., , if Land rare in feet, T must also be in feet, and M and 


(Og this correction in the meaning of the symbols, the author’ 


formulas a are correct, except ths that the 144 should be dropped fr from for- 
 mulas (4), (5) and (6), and from the intermediate work. 
_ Then in the case of a 60-in. steel pipe, } in. thick, * = 2.5, T= ws, , 


M= 144 x 30000000, m = 144 x 294000, = 32.16, W = 62. 


and there results “2 — = 2549 ft. per second, instead of 4 272 


per second. Neglecting the distension of the ,asin formula 


= 4 667 ft. per second, or practically the same result as s obtained a 


ater being practically the s same as othe ~ , obtained has any- 
_ thing to do with the question, either as confirmation or otherwise. e. 
‘This discussion has considered only the interior pressure of the — 
on the Pipe, and i is correct only when there i is no pressure, ex- 


enough so that it would be more correct to use the formula which 


neglects t theclasticity ofthe pipe, 


Again, 1,the formulas have been d derived on a the assumption of a uniform 


and covered, ths external would ‘be considerable, 
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" pressure ff ili the length L, while, asa matter of fact, — press- 


> en. 3 ure is decreasing from a maximum at the piston to zero at a distance — 
i. Assuming that the pressure decreases uniformly, the maximum > 
; 3 pressure at the piston would be 2 /, if f represents the average press- — 
: ure. This, however, does not affect the derivation of the formulas, g 
but it must be borne in mind that the derived from 1s 
_ the average pressure, and that the maximum pressure is olf 


By formula (7), if » = 4 ft. per second, and - 


however, the of the pipe be neglected, the formula 


| With » = 4 ft. per second, L = 4 667 ft., there results / = 252 Ibs. 


:per square inch, and 2/ = 504 Ibs. per square inch. 
fr. Le Conte. '_b J. Le Conrs, M. Am. Soc. C. E.—The subject selected by the 
author is } one which is growing in importance every day, and is very — 
eomplex. The e writer has given much_ attention to it, both from La 
theoretic and practical point of v view, since December, 1876, , when he 
_ wrote his first monograph. In the case now under discussion there — 
are several distinct classes of danger to guard against which must not — 
First. —Dangers peculiar to low heads—large volumes of water in 
Bs motion at moderately high velocities, and moderately heavy iron in 
_ the penstock pipe line, naturally of large ee Skee rg 
Second. —Dangers peculiar to high heads—small volumes of water 3 
under high pressure, very high velocities, a and very heavy iron in aul 4 . 
penstock pipe line, which is naturally of small diameter. Ay ies 
These are the extreme cases met with in practice. In the 


cr 


q 


-water-ram in the second. ‘This arises from the fact that 
ae “shock ” has to be sustained he: the large | pipe—made « of thin iron— 4 
Prantl and the usual thickness given to meet the normal ae allows : a 
small margin over and above to resist water- 


Inthe second case there is much less to feared, from 


is and the iron pipe, with the factor of 
safety, offers a much wider margin to meet water-rams. This advan- 
z., “a tage in favor of high heads, however, is almost entirely obliterated = 
: anothe ‘and much greater difficulty encountered in closing the eal 
ane heavy p. pressure as s compared with those manipulated under low 


— 
’ 
im 
— 
a 
| 
ifs hy 
— 
a 
— 
or 
A 
— 
— 
q 


CORRESPONDE DENCE CE ON PRESSURE AND VELOCI IN pIPEs. 15 


The general law by which the gate should be tina is: The disc Mr. Le Conte. | 
at be so moved, during the entire time of shutting, that equal panes 
quantities of water shall be cut off in equal intervals of time. This — = 
-_ means that the column of water shall be stopped or brought to rest 
oa b iformly retarded motion, and at the same time the ram pres: i 
y uni y pressure 
a developed shall not exceed a certain safe limit which may be adopted. ote 
‘Under very high heads the closing of the gate has no appreciable’ {= 
BY effect in checking the column of water until the gate is almost telosed. 
oa The last inch before closing is where the trouble and danger « ‘omes in, a Ve 
and where all the time in shutting is expended. ee ee 
In manipulating the valve there is such avery slight difference — t 
between an effect of ‘‘no ram pressure” anda ‘‘500-Ib. ram press-_ an 
ure,’ ” that any < ordinary mechanism cannot meet the d delicate ‘motions — ba 4 
which the case requires. problem is s still further complicated te 
4 pulsations i in the pipe line. 
aa An unusual case came under the writer’s observation, where a _ 
-in. wrought iron pipe line had a gate located at a point some 42 
miles from the inlet. nlet. When i it became necessary to ¢ close this —< 
eS took three hours of most careful manipulation to shut down ass " 
last inch. This valve was soon after removed to a point nearer the ae 


GARDNER S. Assoc. M. Am. Soc. C. E.—The writer would ‘Mr. 

not venture to submit, in a discussion of so exact and scientific a paper 
a as this, such unscientific and even crude memoranda, were it not that 
the literature on the subject is extremely limited, and anything which 
a may throw ever so little light upon it seems worthy of consideration. * 

‘The conditions under which the following results were 
in no way ideal, and the observations themselves were made 
inexperienced observer, with only an ordinary Bourdon 


pumping into three 42-in. mains; gates being open and the 
water free to go through all. PT Cross lines were connected to these mains =; 
sapplying adjacent territory at points about 400 apart for their 
entire length, the diameter of the largest being 12 ins. The system 
was operating by direct pressure, the standpipe being disconnected — 

from it. “ The velocity wa was probably greatest in n the main exper imented 
upon, as it was the newest and most direct. 
observations b, c and d were taken about thirty days apart. 
> ‘The high values for the increase of pressure shown in observation « on 


‘ gates 4 and 5 look suspicious and probably indicate a gauge reading al at 


least 5 Ibs. too high. — _ As bearing upon the value of the gauge readings — 
for any purpose except the direct comparison of successive readings, _ 
itis to be added that the initial pressures given, when compared oa : 
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SPONDENCE ON PRESSURE AND VELOCITY IN 1 PIPES, 


no no reason ate question the to of the observations themselves, except 
_-- &8 above noted, in showing the results obtainable with such appa- 
ratus under such circumstances. The readings are probably 
within 1 lb. and the time of losing the gate correct within ten 
“4 seconds. The discs of the gate were operated by a hydraulic cylinder, 
_ an index on the stem showing when the gate was opened or closed. © 
The gauge was connected to the up-stream side of the gate by amet 2 
ft. of 4-in. pipe, at @ point not more than 12 i ins. from the discs. The 
- revolution counters on the engines are read hourly, ‘and from. these 
the approximate velocity was estimated. The variation of 
consumption during the time may easily have made the velocity quite 
different from the estimate at > time of the observation. 
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IN PIPES. 
a B: M. Am. Soc. C. E.—The author finds, in reviewing Mr. Frizell. 
the paper, that he has stated some points too elliptically and withtoo = 
_ little elaboration; forgetting that words do not carry the same force to 


the minds of others as own. to the difficulty found by M Mr. 


These increments accumulate till the first has 1a 
had time to run to the head of the ‘pipe and back. At that instant, 
the aggregate diminution of velocity is that due to the time 2¢ and 
the increase of pressure is the same as if this diminution had taken 7 
place instantaneously. 
, The difficulty i in using the experiments of Mr. Weston aad Professor — 
_ As to Mr. Noble’s view that the pressure f should be 0 at the en- 

Pen? - trance to the pipe, this appears to the author to be a misconception. 
Pe Referring to the diagram, Fig. 1, suppose the water to be moving _ 
from C toward ,and A Bto bea gate instantaneously Closed. 

C D be the section in which the water is in the act of coming to rest. Gs 
Between C D and A B every particle is at rest; between C D and the — 

origin of the pipe every particle is with full The 


is obvious as regards the entire It is equally true as 
each individual particle of the mass. _ Every particle which has come ~ 
- to rest has undergone the full compression due to the act of coming ~ 
a to rest. Therefore all the particles between A B and C D are in the - 
a same state of compression and the pressure is uniform. 
Ee The: author differs from Mr. Sherman in holding that it isa acon- 7 
. firmation of the truth of a formula to find it, with suitable modifica-_ 
_ tions, representing well-known physical laws. Mr. Sherman’s state- _ 
° ment that the author is in error in assuming the the -pronsure uniform is — 


& excuse for this ‘departure, the author would observe that, while no 
which rests wholly upon theoretical considerations can be 
used with confidence, it is nevertheless true that a clear comprehension Rs. 
the theory of a subject is a and indispensable preliminary 


The paper was written en with the ‘expectation that it would lead s« some 

one possessed of the necessary means to an experimental study of “a 
a subject. _ A municipal engineer in charge of a long line of pipe could 
‘readily make the experiments. nts. What is is: (1) 
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_ the paper attempts to deal with an important engineering problem 
from a mathematical point of view, and therein differs from the gen-— 
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ON PRESSURE AND VELOCITY IN ‘PIPES. 


. slight, but instantaneous, change of "velocity i in the a pencil 


—_ by the amplitude of its movement, the pressure of the 
7 water; (3) a band of paper moving isochronously and arranged to re 


eeive the mark of the pencil. 
. For the first, the author suggests a hydrant near a long line of — 


pipe. Apply to it a clack : valve, which, on release, will strike dead 


against its seat and arrest the movement of the water. _ Means must 
be adopted for determining the discharge of the valve, in order to as- 
certain the change of velocity in the 


q For the second element, a steam engine indicator is probably as’ 


a5 rob 


to As to the third element, it will probably be difficult to apply the 
_ paper to the indicator barrel in the ordinary manner, for two reasons: 

_ (1) Because the barrel would be liable to overflow with water and de-— 

stroy the e paper; (2) the spring : attached to the barrel, ‘offering are- 
_ sistance not uniform, but varying as the amplitude of movement, 
complicates the imparting of an isochronous movement. For this 
aap part of the apparatus, the author suggests attaching the paper to xi 


wooden cylinder, larger than the indicator barrel. To 4 
should be attached a motor weight; also a counterw eight instead of e 4 


ay spring for keeping the connections taut. To give an isochronous 
- movement to the motor weight in its descent, one obvious method 4 
would be to let it act through a shaft carrying vanes or fans.  An- 


- other would be this: Let the motor weight consist of an | accurately 
turned cylinder of metal, of about 3 ins. diameter. Let it descend in 


an accurately turned vertical tube, of a little "larger diameter, filled — 


with water. It will descend isochronously, and its velocity will 
_ depend on the difference in diameter between the tube and the 


These experiments need not be attended with a any ay danger o of 


agreeable results. The valve on the hydrant might, if sufficiently 
wr _ large, bring a severe strain upon the branch leading from the main 
7 * the hydrant, but the change of v velocity } in the 1 “main n need not be 
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